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ůŴȆȃȄǼ ǥȉȌǼ ǴŴȌȆȃȄȓȆ  
ǳȌŴųɻŲŵȁȊ ȄŲȃ ǥȆǺȅȋŵȁȊ ǥȅǿȈȉɻȂŀȎȆ  
 

 ɼʰʻˇˊʽˋ˃ˈˌ ʶ˄ʵʽʱ˃ʶˋ˖˄ ˃ʽˁˊˈˍʶˊ˖˄ ˋˍˈ˔˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 
ʶˉʽˍʶˎ˔ʻˇˏ˄ ˉʽˇ ʶˏˁˇ˂ʰ ˁʰʽ ˋˎ˃ʲʱ˂ˇˎ˄ ˋˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ˍʶ˂ʽˁˇˏ 
ˋˍˈ˔ˇˎ!!!  

 

 ɳ˄ʵʽʱ˃ʶˋˇʽ ˃ʽˁˊˈˍʶˊˇʽ ˋˍˈ˔ˇʽ  Ý  ɽˏˋʹ ˃ʽˁˊˈˍʶˊ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ΗΗΗ 

 ʆʶ˂ʽˁˈˌ ˋˍˈ˔ˇˌ  Ý  ɽˏˋʹ ʰˊ˔ʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ΗΗΗ  

Ὁ΅Ώῶῷ‹  ὅ ​‹  



ǥȉȌǼ ŶȁȊ ǧȇȃŵȈȉȉȑÙȁŵȁȊ 

Ὁ΅Ώῶῷ‹  ὅ ​‹  

ǖȂǿȁȁǿȀȎǯ ǼǴȄǯǾȒ ȄȊǽ ǼǴǲǴǷȕǽ 

ȄȊǽ ǼǹǺȁȑȄǴȁȊǽ ȀȁǿǰǻǶǼȋȄȊǽ 

? 
? 

? ? 
? 

? 



ǥȉȌǼ ŶȁȊ ǧȇȃŵȈȉȉȑÙȁŵȁȊ 

Ὁ΅Ώῶῷ‹  ὅ ​‹  

ɱʶ˄ʽˁˈˌ ɼʰ˄ˈ˄ʰˌΥ ɶ ʵʽʰˍʺˊʹˋʹ ˃ʽʰ ʽˋˇˊˊˇˉʾʰˌΣ ʺ           

ˁʰʽ ʽˋˈˍʹˍʰˌΣ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʶʴʶʻ˗˄ n1, n2, é, nk ˍ˖˄    

ˎˉˇ-ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʃ1, ʃ2Σ ΧΣ ʃk ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄          

ʰˉˈ ˍʹ ʵʽʱˋˉʰˋʹ ʶ˄ˈˌ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʃ ˃ʶʴʷʻˇˎˌ n !!!  

ɳˉʽ˔ʶʽˊʺ˃ʰˍʰ ˎˉʷˊ ˍʹˌ ʶ˅ʽˋˇˊˊˈˉʹˋʹˌ  

Á ʃˊʷˉʶʽ ˄ʰ ˎˉʱˊ˔ʶʽ ʾˋʹ ˃ʶˍʰ˔ʶʾˊʽˋʹ ΗΗΗ 

Á ʁ ˔ˊˈ˄ˇˌ ʶˁˍʷ˂ʶˋʹˌ ʶ˄ˈˌ ʷˊʴˇˎ ʶʾ˄ʰʽ ʰˏ˅ˇˎˋʰ ˋˎ˄ʱˊˍʹˋʹ ˁʱˉˇʽˇˎ ˃ʶʴʷʻˇˎˌ 
ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ʷˊʴˇΦ ɮ˄ ʷ˔ˇˎ˃ʶ ˄ʰ ʶˁˍʶ˂ʷˋˇˎ˃ʶ ʵˎˇ ʷˊʴʰ ʶʾ˄ʰʽ ˉˊˇˍʽ˃ˈˍʶˊˇ 
˄ʰ ʷ˔ˇˎ˄ ˍˇ ʾʵʽˇ ˃ʷʴʶʻˇˌ !!! (ʁ ʾˍʶ ˍʰ ʶˁˍʶ˂ʷˋˇˎ˃ʶ ʰˁˇ˂ˇˎʻʽʰˁʱ ʶʾˍʶ ˉʰˊʱ˂˂ʹ˂ʰ).  



ǧȇȃŵȈȉȉȑÙȁŵȁ - ŰŴȓȉȁŀŲ 

Ὁ΅Ώῶῷ‹  ὅ ​‹  

ɮˉˈʵʶʽ˅ʹΥ 

Á ʅˎ˄ˇ˂ʽˁˈˌ ˔ˊˈ˄ˇˌ ʶˉʾ˂ˎˋʹˌ ¢όn1) + T(n2) = T(n1) + T(n-n1) = f(n1).  

Á ɱʽʰ ˄ʰ ˎˉʱˊ˔ʶʽ ʶ˂ʱ˔ʽˋˍˇ ˉˊʷˉʶʽ Ŧô(n1) = 0, ɻ ʹ˂ʰʵʺ ʆô(n1) - ʆô(n-n1) = 0.  

Á ʁˉˈˍʶΣ ʆô(n1) = Tô(n-n1ύΦ ɳˉʶʽʵʺ ʹ ˋˎ˄ʱˊˍʹˋʹ ʆô ʁ ʾ˄ʰʽ ʰˎˋˍʹˊʱ ʰˏ˅ˇˎˋʰΣ                       
ʹ ˉʰˊʰˉʱ˄˖ ʽˋˈˍʹˍʰ ʽˋ˔ˏʶʽ ˈˍʰ˄ ƴ1 = n-n1Σ ʵʹ˂ʰʵʺ ƴ1 = n2 = n/2.  

Á ɮˁˈ˃ʹ ʽˋ˔ˏʶʽ Ŧôô(n1) = Tôô(n1) + Tôô(n-n1ύ Ҕ лΦ ɯˊʰΣ ʴʽʰ ƴ1 = n2 = n/2                                 
ʹ ˋˎ˄ʱˊˍʹˋʹ Ŧόn1ύ ʶ˃˒ʰ˄ʾʸʶʽ ʶ˂ʱ˔ʽˋˍˇΦ  

ɸʶ˗ˊʹ˃ʰΥ  ɴˋˍ˖ ʆόƴύ ̌  ˔ˊˈ˄ˇˌ ʶˉʾ˂ˎˋʹˌ ʶ˄ˈˌ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʃ   
˃ʶʴʷʻˇˎˌ nΣ ˈˉˇˎ ˇʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ʆ ˁ ʰʽ ʆô ʶʾ˄ʰʽ ʰˎˋˍʹˊʱ ʰˏ˅ˇˎˋʶˌΣ              
ˁʰʽ ʷˋˍ˖ n1, n2 ̱ ʰ ˃ʶʴʷʻʹ ʵˏˇ ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʃ1 ˁ ʰʽ ʃ2 ̱ ˇˎ ʃ ˃ ʶ               
n1 + n2 = nΦ ʆˈˍʶΣ ˇ ʶ˂ʱ˔ʽˋˍˇˌ ˔ˊˈ˄ˇˌ ʴʽʰ ˍʹ˄ ʰˁˇ˂ˇˎʻʽʰˁʺ ˂ˏˋʹ ˍ˖˄ 
ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʃ1 ˁʰʽ ʃ2 ʁ ˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˈˍʰ˄ n1 = n2 = n/2.  



Ὁ΅Ώῶῷ‹  ὅ ​‹  

n/2  n/2  

n- 1 

1 

ǧȇȃŵȈȉȉȑÙȁŵȁ - ǱŲȉǺųŴȃǿŀŲ 
 

ɴˋˍ˖ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʰ˄ʰʸʺˍʹˋʹˌ ˋʶ ʰˁˇ˂ˇˎʻʾʰ n ̀ ˍˇʽ˔ʶʾ˖˄Φ  
 

Á ʅˍʹ ˋʶʽˊʽʰˁʺ ʰ˄ʰʸʺˍʹˋʹ ʹ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ мˇ ˋˍˇʽ˔ʶʾˇ ʰ˄ʱʴʶʽ ˍʹ˄    

ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˋʶ ˃ʽˁˊˈˍʶˊˇ ˋˍʽʴ˃ʽˈˍˎˉˇ ˃ʶʴʷʻˇˎˌ                   

n-1 ̀ ˍˇʽ˔ʶʾ˖˄Φ  

o ɶ ̀ʁ ʽˊʽʰˁʺ ʰ˄ʰʸʺˍʹˋʹ ʵʶ˄ ʶ˒ʰˊ˃ˈʸʶʽ ˍʹ˄ ˍʶ˔˄ʽˁʺ ˍʹˌ ʶ˅ʽˋˇˊˊˈˉʹˋʹˌ ! 

 
Á ʅˍʹ ʵˎʰʵʽˁʺ ʰ˄ʰʸʺˍʹˋʹ ʹ ˉˊ˗ˍʹ ʵʽʱˋˉʰˋʹ ˉʰˊʱʴʶʽ ʵˏˇ ˋˍʽʴ˃ʽˈˍˎˉʰ 
˃ʽˋˇˏ ˉʶˊʾˉˇˎ ˃ʶʴʷʻˇˎˌ n/2  h ˉˈ ˍˇ ʰˊ˔ʽˁˈΦ ʆˇ ʾʵʽˇ ˋˎ˃ʲʰʾ˄ʶʽ ˁʰʽ ˋʶ    

ˁʱʻʶ ʶˉˈ˃ʶ˄ʹ ʵʽʱˋˉʰˋʹΦ  

o ɶ ɻˎ ʰʵʽˁʺ ʰ˄ʰʸʺˍʹˋʹ ʶ˒ʰˊ˃ˈʸʶʽ ˍʹ˄ ˍʶ˔˄ʽˁʺ ˍʹˌ ʶ˅ʽˋˇˊˊˈˉʹˋʹˌ Η                       

ɮˎˍˈ ˍʹ˄ ˁʱ˄ʶʽ ˄ʰ ʶʾ˄ʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ʰˉˈ ˍʹ ˋʶʽˊʽʰˁʺ ʰ˄ʰʸʺˍʹˋʹ ΗΗΗ 



ǥȆŲųȉȈŀȃȄȈɻ ǥȅǿȑȉȃȂŀȈȃ !!!  

Ὁ΅Ώῶῷ‹  ὅ ​‹  

ǧȇȃŵȈȉȉȑÙȁŵȁ - ǱŲȉǺųŴȃǿŀŲ 



Ὁ΅Ώῶῷ‹  ὅ ​‹  

ǧȇȃŵȈȉȉȑÙȁŵȁ - ǱŲȉǺųŴȃǿŀŲ 

ǥȆŲųȉȈŀȃȄȈɻ ǥȅǿȑȉȃȂŀȈȃ !!!  
ǙȌǲǴǷǿȃ n 

1                                n - 1 

1                                n - 2 

1                                n - 3 

O(n)  



Ὁ΅Ώῶῷ‹  ὅ ​‹  

ǧȇȃŵȈȉȉȑÙȁŵȁ - ǱŲȉǺųŴȃǿŀŲ 

ǥȆŲųȉȈŀȃȄȈɻ ǥȅǿȑȉȃȂŀȈȃ !!!  ǙȌǲǴǷǿȃ n 

 n/2                                                n/2  

  n/4                      n/4           n/4                   n/4     

O(logn )  



ǴŴȌȆȃȄǼ æȃŲɻȉŴȃ-ȄŲȃ-ǦŲŵɻȅŴȋŴ 

ὅῸῬ´ ῶῳῺῶῷ‹  Ὗ΅​Ώῶῷ‹  



ǴŴȌȆȃȄǼ æȃŲɻȉŴȃ-ȄŲȃ-ǦŲŵɻȅŴȋŴ 

ɮˊˁʶˍʱ ˉʰ˂ʽʱ ʽʵʷʰ ΦΦΦ 
 

Divide et impera. Veni, vidi, vici. 

ɲʽʰʾˊʶʽ ˁʰʽ ʲʰˋʾ˂ʶˎʶΦ ɷ˂ʻˇ˄, ʁ ʾʵˇ˄, ˄ ʾˁʹˋˇ˄. 
ɹˇˏ˂ʽˇˌ ɼʰʾˋʰˊʰˌ όмлл - 44 ̄ ʋ) 

ʃˊˇˋ˒ʽ˂ʺˌ ˉˇ˂ʶ˃ʽˁʺ ˍˇˎ ˍʰˁˍʽˁʺΥ  

ʵʽʰʾˊʶˋʹ ˍˇˎ ʰ˄ˍʾˉʰ˂ˇˎ ˋˍˊʰˍʶˏ˃ʰˍˇˌ ˋʶ ʵˏˇ ˃ʽˋʱ ˁʰʽ ʶˉʾʻʶˋʹ            

ˋˍˇ ʷ˄ʰ ˃ʽˋˈ ˃ʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˋˍˊʰˍˈ ˍˇˎ !!!  

ὅῸῬ´ ῶῳῺῶῷ‹  Ὗ΅​Ώῶῷ‹  



ɮ˄ˍʾ ˄ʰ ˂ˏˋˇˎ˃ʶ ʱ˃ʶˋʰ ʷ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ʃ ˃ʶ ˃ʶʴʱ˂ˇ ˃ʷʴʶʻˇˌ ʶʽˋˈʵˇˎΣ                         
ˁʱ˄ˇˎ˃ʶ ˍʰ ʶ˅ʺˌΥ 

Á ʵʽʰˋˉʱ˃ʶ ̱ ʹ˄ ʶʾˋˇʵˇ ˋʶ ˍ˃ʺ˃ʰˍʰ ˃ʽˁˊˈˍʶˊˇˎ ˃ʶʴʷʻˇˎˌΣ  

Á ˂ˏ˄ˇˎ˃ʶ ̱ ˇ ˉˊˈʲ˂ʹ˃ʰ ʴʽʰ ˁʱʻʶ ˃ʽˁˊˈ ˍ˃ʺ˃ʰ ˅ʶ˔˖ˊʽˋˍʱΣ ˁʰʽ ˁʰˍˈˉʽ˄ 

Á ˋˎ˄ʵˎʱʸˇˎ˃ʶ ̱ ʽˌ ʶˉʽ˃ʷˊˇˎˌ ˂ˏˋʶʽˌΣ ˉ˂ʹˊ˗˄ˇ˄ˍʰˌ ʷ˄ʰ ʶˉʽˉ˂ʷˇ˄ ˁˈˋˍˇˌΣ                     

ʴʽʰ ˄ʰ ʵ˗ˋˇˎ˃ʶ ˂ˏˋʹ ˋˍˇ ʰˊ˔ʽˁˈ ˉˊˈʲ˂ʹ˃ʰΦ  
 

ɾʷʻˇʵˇˌ ˉˇˎ ʰ˄ʱʴʶʽ ʷ˄ʰ ʰˊ˔ʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ˋʶ ˈ˂ˇ ˁʰʽ ˃ʽˁˊˈˍʶˊʰ ˉˊˇʲ˂ʺ˃ʰˍʰ               

˃ʶ ˍʹ˄ ʰ˄ʰʵˊˇ˃ʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ ΗΗΗ 
 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʶ˅ʽˋˇˊˊˈˉʹˋʹˌ ˍʰ ˃ʽˁˊˈˍʶˊʰ ˍ˃ʺ˃ʰˍʰ ˉˊʷˉʶʽ                                    
˄ʰ ʶʾ˄ʰʽ ʽˋˇ˃ʶʴʷʻʹ ΗΗΗ  

ɱʶ˄ʽˁˈˌ ɼʰ˄ˈ˄ʰˌ ˍʹˌ ʆʶ˔˄ʽˁʺˌ   

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 



ɲʽʰʵʽˁʰˋʾʶˌ ˍʹˌ ʆʶ˔˄ʽˁʺˌ   

ɲʽʰʾˊʶʽ (divide):  ɲʽʰʾˊʶˋʶ ˍˇ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʃ ̀ ʶ k (̀ ˎ˄ʺʻ˖ˌ k=2) 
ˎˉˇˉˊˇʲ˂ʺ˃ʰˍʰ ʃ1Σ ʃ2Σ ΧΣ ʃk όˋˍʽʴ˃ʽˈˍˎˉʰ ʾʵʽˇˎ ˍˏˉˇˎ ˃ʶ ˍˇ ʃ,  

ˈˋˇ ʵˎ˄ʰˍˈ˄ ʽʵʾˇˎ ˃ʶʴʷʻˇˎˌ  ̋ʵˎˋˁˇ˂ʾʰˌ). 

ɼʰˍʱˁˍʹˋʶ (conquer):  ɮ˄ʰʵˊˇ˃ʽˁʺ ʶˉʾ˂ˎˋʹ ˈ˂˖˄ ˍ˖˄ 
ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʃ1Σ ʃ2Σ ΧΣ ʃkΦ ɳʱ˄ ˍʰ ˎˉˇˉˊˇʲ˂ʺ˃ʰˍʰ ʁ ʾ˄ʰʽ 
˃ʽˁˊˇˏ ˃ʶʴʷʻˇˎˌΣ ʰˉ˂˗ˌ ʶˉʾ˂ˎˋʷ ˍʰ ʱ˃ʶˋʰ όdirect_solve).  

ʅˎ˄ʵˏʰˋʶ (combine):  ɼʰˍʱ˂˂ʹ˂ˇˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ 
˂ˏˋʶ˖˄ ˍ˖˄ ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʃ1Σ ʃ2Σ ΧΣ ʃk ʴʽʰ ˍʹ ˂ˏˋʹ ˍˇˎ 
ʰˊ˔ʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʃ. 

1 

2 

3 

Divide and Conquer  

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 



ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʆʶ˔˄ʽˁʺˌ   

ǑǹǯȎȁǴǹ ( divide )  

ǒȀȎǻȅȂǴ ( direct_solve )  

ǟȅǽǳȒǯȂǴ (combine)  

ʅˎ˄ʺʻ˖ˌΣ ˋʶ ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ                       
ɲ-ˁʰʽ-ɰ ʁʾ ˄ʰʽ ʶˏˁˇ˂ʹ: 

ʀʚʐʀ ʂ ɿʅɻɿʅʆɻʎʚɻ divide  

ʀʚʐʀ ʂ ɿʅɻɿʅʆɻʎʚɻ combine 

ɶ ʵʽʰʵʽˁʰˋʾʰ direct_solve  
ʶʾ˄ʰʽ ˉʱ˄ˍʰ ʶˏˁˇ˂ʹ, h ˉʰʽˍʶʾ ʰˉ˂ˇˏˌ 
ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ΗΗΗ 

V  

V  

Divide and Conquer  

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

1 

2 

3 



Ç ɴˋˍ˖ k ̱ ˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˎˉˇ-ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʃ1Σ ʃ2Σ ΧΣ ʃk ˍʹˌ ʰˊ˔ʽˁʺˌ ʶʽˋˈʵˇˎ 
(̄ ˊˇʲ˂ʺ˃ʰˍˇˌύ ˃ʺˁˇˎˌ nΣ ˁʰʽ ʷˋˍ˖Υ 

D(n)       ̱ ˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʲʹ˃ʱˍ˖˄ ˍʹˌ 

S(n)            >>     >> 

C(n)            >>     >> 

divide  

direct_solve  

combine 

ʆˈˍʶ 

ɮ˄ʰʵˊˇ˃ʽˁʺ ʅ˔ʷˋʹ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 



ɿʅʗʎʌɻʎʂ 

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  



ɿʅʗʎʌɻʎʂ ɿʅʗʎʌɻʎʂ 

ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  



ɿʅʗʎʌɻʎʂ ɿʅʗʎʌɻʎʂ ɿʅʗʎʌɻʎʂ ɿʅʗʎʌɻʎʂ 

ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  



ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ɮ˄ʰʵˊˇ˃ʽˁʺ ʶˉʾ˂ˎˋʹ ˍ˖˄ 
ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  



ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

ʎʞʉʃʀʎʂ ʎʞʉʃʀʎʂ ʎʞʉʃʀʎʂ ʎʞʉʃʀʎʂ 

ɮ˄ʰʵˊˇ˃ʽˁʺ ʶˉʾ˂ˎˋʹ ˍ˖˄ 
ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ 

¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ʅˏ˄ʻʶˋʹ όˋˎ˄ʵˎʰˋ˃ˈˌύ 
˂ˏˋʶ˖˄ 



ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

ʎʞʉʃʀʎʂ ʎʞʉʃʀʎʂ 

¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ɮ˄ʰʵˊˇ˃ʽˁʺ ʶˉʾ˂ˎˋʹ ˍ˖˄ 
ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  

ʅˏ˄ʻʶˋʹ όˋˎ˄ʵˎʰˋ˃ˈˌύ 
˂ˏˋʶ˖˄ 



ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

ʎʞʉʃʀʎʂ 

¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶ 

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ɮ˄ʰʵˊˇ˃ʽˁʺ ʶˉʾ˂ˎˋʹ ˍ˖˄ 
ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  

ʅˏ˄ʻʶˋʹ όˋˎ˄ʵˎʰˋ˃ˈˌύ 
˂ˏˋʶ˖˄ 



ɯʍʝʉʋʏ ʀʆʐʘʇʀʎʂʏ   ɯʍʝʉʋʏ ɿʅʗʎʌɻʎʂʏ ɯʍʝʉʋʏ ʎʞʉʃʀʎʂʏ 

ˉˊˈʲ˂ʹ˃ʰ ˃ʶʴʷʻˇˎˌ n  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  n - k  

ˎˉˇˉˊˈʲ˂ʹ˃ʰ  
˃ʶʴʷʻˇˎˌ  k  

ɮ˄ʰʵˊˇ˃ʽˁˈ ʅ˔ʺ˃ʰ 

ὊῶῪ₣ ΅ῶ-ῷῪῶ-ὈῪ ₣Ὸ΅ ΅ 

ɮ˄ʰʵˊˇ˃ʽˁʺ ʶˉʾ˂ˎˋʹ ˍ˖˄ 
ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ 

ɲʽʱˋˉʰˋʹ ˉˊˇʲ˂ʺ˃ʰˍˇˌ  

ʅˏ˄ʻʶˋʹ όˋˎ˄ʵˎʰˋ˃ˈˌύ 
˂ˏˋʶ˖˄ 



ὟῪῼῶΏ₮Ὼῲ ῲ 

ǴȈ ǱȉȑǾȅȁŀŲ ŶȁȊ ǴŲȇȃȆȑŀȁŵȁȊ  



ὟῪῼῶΏ₮Ὼῲ ῲ 

ʆˇ ʃˊˈʲ˂ʹ˃ʰ ˍʹˌ ʆʰ˅ʽ˄ˈ˃ʹˋʹˌ  

Ç ʁˊʽˋ˃ˈˌ ʃˊˇʲ˂ʺ˃ʰˍˇˌ  

 ɳʾˋˇʵˇˌ Υ  h ˁˇ˂ˇˎʻʾʰ n ̀ ˍˇʽ˔ʶʾ˖˄ S = ( 1h,  2h, ...,  nh). 

 ɴ˅ˇʵˇˌ Υ    h ˄ʰʵʽʱˍʰ˅ʹ (ʰΩ1Σ ʰΩ2, ..., h Ωn) ̱ ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌ S  

 ˋ ʁʰˏ˅ˇˎˋʰ ˍʱ˅ʹ όiᶅ, 1 ¢ i ¢ n-1, h Ωi Җ ʰΩi+1). 
 

Ç ɸʶ˃ʶ˂ʽ˗ʵʶˌ ʰ˂ʴˇˊʽʻ˃ʽˁˈ ˉˊˈʲ˂ʹ˃ʰ 

  ʃˇ˂˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌ (~20-нр҈ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˔ˊˈ˄ˇˎύΦ 

 ʆʰ˔ˏˍʰˍʹ ʰ˄ʰʸʺˍʹˋʹ ˋʶ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ. 

  ʅʹ˃ʰ˄ˍʽˁʷˌ ʰ˂ʴˇˊʽʻ˃ʽˁʷˌ ʽʵʷʶˌ ˁʰʽ ˍʶ˔˄ʽˁʷˌ ΗΗΗ 



Ç ɮ˄ˍʽ˃ʶˍʱʻʶˋʹ ˁʱʻʶ ʸʶˏʴˇˎˌ ˃-́ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ 
ˋˍˇʽ˔ʶʾ˖˄. 

Ç ɳʽˋʰʴ˖ʴʺ ˋˍˇʽ˔ʶʾˇˎ ˋ ʁˁʰˍʱ˂˂ʹ˂ʹ ʻʷˋʹ ˋʶ ʷ˄ʰ˄ 

ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ˇ ˉʾ˄ʰˁʰ. 

Ç ɳˉʽ˂ˇʴʺ ˃ʶʴʰ˂ˏˍʶˊˇˎ (˃ ʽˁˊˈˍʶˊˇˎύ ˋˍˇʽ˔ʶʾˇˎ                

ˁʰʽ ˍˇˉˇʻʷˍʹˋʹ ˋˍˇ ˍʷ˂ˇˌ όʰˊ˔ʺύ. 

Ç ɲʽʰ˃ʷˊʽˋʹ ̀ ʶ ˃ʽˁˊˈˍʶˊʰ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʰ ʰˉˈ   
ˋˍˇʽ˔ʶʾˇ-ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˁʰʽ ˍʰ˅ʽ˄ˈ˃ʹˋʹ. 

Ç ʅˎʴ˔˗˄ʶˎˋʹ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ʰˁˇ˂ˇˎʻʽ˗˄:            
ɹˋˇ˃ʶˊʺ ʵʽʰʾˊʶˋʹΣ ˍʰ˅ʽ˄ˈ˃ʹˋʹΣ ˋˎʴ˔˗˄ʶˎˋʹΦ 

 Bubble-sort                               
bubble sort 

 Insertion-sort                   
insertion sort 

 Max(Min)-sort               
Heap-sort 

 Quick-sort                 
mergesort 

 Merge-sort 

ɮ˂ʴˈˊʽʻ˃ˇʽ ˁʰʽ ɾʷʻˇʵˇʽ ʆʰ˅ʽ˄ˈ˃ʹˋʹˌ  

ὅῸῬ₮ ῶῳῺ´ῶ ὟῪῼῶΏ₮Ὼῲ ῲ  



Ç ɮ˄ˍʽ˃ʶˍʱʻʶˋʹ ˁʱʻʶ ʸʶˏʴˇˎˌ ˃-́ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ 
ˋˍˇʽ˔ʶʾ˖˄. 

Ç ɳʽˋʰʴ˖ʴʺ ˋˍˇʽ˔ʶʾˇˎ ˋ ʁˁʰˍʱ˂˂ʹ˂ʹ ʻʷˋʹ ˋʶ ʷ˄ʰ˄ 

ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ˇ ˉʾ˄ʰˁʰ. 

Ç ɳˉʽ˂ˇʴʺ ˃ʶʴʰ˂ˏˍʶˊˇˎ (˃ ʽˁˊˈˍʶˊˇˎύ ˋˍˇʽ˔ʶʾˇˎ ˁʰʽ 
ˍˇˉˇʻʷˍʹˋʹ ˋˍˇ ˍʷ˂ˇˌ όʰˊ˔ʺύ. 

Ç ɲʽʰ˃ʷˊʽˋʹ ̀ ʶ ˃ʽˁˊˈˍʶˊʰ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʰ ʰˉˈ          
ˋˍˇʽ˔ʶʾˇ-ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˁʰʽ ˍʰ˅ʽ˄ˈ˃ʹˋʹ. 

Ç ʅˎʴ˔˗˄ʶˎˋʹ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ʰˁˇ˂ˇˎʻʽ˗˄:                   
ɹˋˇ˃ʶˊʺ ʵʽʰʾˊʶˋʹΣ ˍʰ˅ʽ˄ˈ˃ʹˋʹΣ ˋˎʴ˔˗˄ʶˎˋʹΦ 

 Bubble-sort                               
bubble sort 

 Insertion-sort                   
insertion sort 

 Max(Min)-sort               
Heap-sort 

 Quick-sort                 
mergesort 

 Merge-sort 

ὅῸῬ₮ ῶῳῺ´ῶ ὟῪῼῶΏ₮Ὼῲ ῲ  

ɮ˂ʴˈˊʽʻ˃ˇʽ Quick-sort ˁ ʰʽ Merge-sort 



Ç ɲˏˇ ˍʰ˔ˏˍʰˍˇʽ (ʲʷ˂ˍʽˋˍˇʽΚ) h ˂ʴˈˊʽʻ˃ˇʽ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ                           
ˇʽ ˇˉˇʾˇʽ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʰ˂ʴˇˊʽʻ˃ʽˁʺ ˍʶ˔˄ʽˁʺ ˍˇˎ ɲ-ˁʰʽ-ɰ!!!  

Ç ɰʰˋʽˁʷˌ ɲʽʰ˒ˇˊʷˌ 

Quick-sort  ʵˏˋˁˇ˂ʹ ɲʽʰʾˊʶˋʹ   ʶˏˁˇ˂ʹ ʅˎ˄ʷ˄˖ˋʹ 
 

Merge-sort  ʶˏˁˇ˂ʹ ɲʽʰʾˊʶˋʹ   ʵˏˋˁˇ˂ʹ ʅˎ˄ʷ˄˖ˋʹ 

ὅῸῬ₮ ῶῳῺ´ῶ ὟῪῼῶΏ₮Ὼῲ ῲ  

Quick-sort   ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˃ ʺˁˇˎˌ ˎˉˇ-ˉˊˇʲ˂ʺ˃ʰˍʰ 

Merge-sort  ʾʵʽˇˎ ̄ ʶˊʾˉˇˎ ˃ʺˁˇˎˌ ˎˉˇ-ˉˊˇʲ˂ʺ˃ʰˍʰ 

όɹύ 

όɹɹύ 

ɮ˂ʴˈˊʽʻ˃ˇʽ Quick-sort ˁ ʰʽ Merge-sort 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

V ʆʶ˔˄ʽˁʺ ɲʽʰʾˊʶʽ-ˁʰʽ-ɰʰˋʾ˂ʶˎʶ 

V ɲˏˋˁˇ˂ʹ ɻ ʽʰʾˊʶˋʹ - ɳˏˁˇ˂ʹ ̀ ˎ˄ʷ˄˖ˋʹ 

V ʇˉˇ-ˉˊˇʲ˂ʺ˃ʰˍʰ ɲʽʰ˒ˇˊʶˍʽˁˇˏ ˃ ʺˁˇˎˌ 

V ʋʶʽˊʾˋˍʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ O(n2) 

V ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ O(nlogn) 

 

ɮ˂ʴˈˊʽʻ˃ˇˌ ʆʰ˅ʽ˄ˈ˃ʹˋʹˌ Quick-Sort 



x 

    < x       x      ² x 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ʋˊˈ˄ˇˌ ʵʽʱˋˉʰˋʹˌ ʋˊˈ˄ˇˌ ˋˏ˄ʻʶˋʹˌ 

ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

ɹʵʷʰ ɮ˂ʴˈˊʽʻ˃ˇˎ ΗΗΗ 

x = pivot  

1o ̱ ˃ʺ˃ʰ                                         2o ̱ ˃ʺ˃ʰ 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

     < x     ² x 

     < x      x      ² x 

sp i 

x 

sp 

ȺɜŭɘɎɛŮůɞ 

ʲʺ˃ʰ i-ˋˍʹˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ɇŮɚɘəɧ 

ʲʺ˃ʰ i-ˋˍʹˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

x 

pivot 

ȷɟɢɘəɧ 

ʲʺ˃ʰ i-ˋˍʹˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ɹʵʷʰ ɮ˂ʴˈˊʽʻ˃ˇˎ ΗΗΗ 

ȹɘɎůˊŬůɖ 

ɳ˒ʰˊ˃ˇʴʺ ˍʹˌ 
ʵʽʰʵʽˁʰˋʾʰˌ  

split 

1o ̱ ˃ʺ˃ʰ                                         2o ̱ ˃ʺ˃ʰ 



5 1 4 6 8 2 S 

aux 

i j 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

pivot = 5 

ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 



5 1 4 6 8 2 S 

aux 

i j 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

pivot = 5 

ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 



5 1 4 6 8 2 S 

1 aux 

i j 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

pivot = 5 

ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 



5 1 4 6 8 2 S 

1 4 aux 

i j 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

pivot = 5 

ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  
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x     

split 
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pivot = 5 

ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

   < x      x     ² x 

x     

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

sp : splitpt  

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin   

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙɻ ŶȑÙȈȋ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Split : ŴÙȃŶȑÙȃŲ ųȃǺŵÙŲŵȁ 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 
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ɮ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort 

Algorithm Quick-Sort(S,  first,  last)   

begin  

(1) if first < last then   

    pivot Ŷ S[first] 

 

   splitpt  Ŷ first 

      for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

    end  

(2) Quick - Sort(S, first, splitpt - 1)  

(3) Quick - Sort(S, splitpt+1, last)  

    return  S  

end  

split 

Split : ŴÙȃŶȑÙȃŲ ųȃǺŵÙŲŵȁ 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

Ç ɮˉˈʵʶʽ˅ʹ ˃ʶ ʶˉʰʴ˖ʴʺ:  

ɹˋ˔ˎˊʽˋ˃ˈˌ tόƴύΥ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort ̱ ʰ˅ʽ˄ˇ˃ʶʾ ˋ˖ˋˍʱ ˁʱʻʶ ʰˁˇ˂ˇˎʻʾʰ  
ʶʽˋˈʵˇˎ S ˃ ʺˁˇˎˌ n. 

ɰʱˋʹ ʶˉʰʴ˖ʴʺˌΥ ɼʱʻʶ ʰˁˇ˂ˇˎʻʾʰ ʶʽˋˈʵˇˎ S ˃ ʺˁˇˎˌ 1 ʁ ʾ˄ʰʽ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹΣ             
ʵʹ˂Φ ʽˋ˔ˏʶʽ P(1). 

ɳˉʰʴ˖ʴʽˁʺ ˎˉˈʻʶˋʹΥ ɴˋˍ˖ S ˃ʺˁˇˎˌ n ² 2Σ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ʽˋ˔ˏʶʽ P(k)  " k < n.  

ɳˉʰʴ˖ʴʽˁˈ ʲʺ˃ʰ Υ ɲʶʾ˔˄ˇˎ˃ʶ ˈˍʽ ʽˋ˔ˏʶʽ P(n).  

1o ̱ ˃ʺ˃ʰ                           2o ̱ ˃ʺ˃ʰ 

    < x       x     ² x 

1                                                            n    

ʁˊʻˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

Ç ɮˉˈʵʶʽ˅ʹ ˃ʶ ʶˉʰʴ˖ʴʺ:  

ɸʶ˖ˊˇˏ˃ʶ pivot x ˁʰʽ ̱ ʹ ʵʽʰ˃ʷˊʽˋʹ ̱ ˇˎ      
S  ̟ ˌ ˉˊˇˌ x όʷˋˍ˖ i  ́̒ ʷˋʹ ˍˇˎ pivot,      
1Ò i Ò n).                     

ɴˋˍ˖ k1 = i-1 ̱ ˇ ˃ʺˁˇˌ ˍˇˎ 1ou ̱ ˃ʺ˃ʰˍˇˌ 
ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌ S ̄ ˇˎ ʶʾ˄ʰʽ < x ˁ ʰʽ         
k2 = n-i ˍˇˎ нou ̱ ˃ʺ˃ʰˍˇˌ ˉˇˎ ʶʾ˄ʰʽ ² x.  

i-1 < n  n-i < n i 

ɮˉˈ ˍʹ˄ ˇˊʻˈˍʹˍʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ split όʶˏˁˇ˂ʹ ʰˉˈʵʶʽ˅ʹύΣ ˍˇ ˋˍˇʽ˔ʶʾˇ                 

pivot x ˁ ʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˋ˖ˋˍʺ ʻʷˋʹ ˋˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ ʶ˅ˈʵˇˎ S. 

ɮˉˈ ʶˉʰʴ˖ʴʽˁʺ ˎˉˈʻʶˋʹΥ ɹˋ˔ˏʶʽ P(k1) ˁ ʰʽ ʄόk2) ʁ ˉʶʽʵʺ k1 < n ˁ ʰʽ k1 < n,                  

ʵʹ˂ΦΣ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ Quick-Sort ̱ ʰ˅ʽ˄ˇ˃ʶʾ ˋ˖ˋˍʱ ˍˇ мˇ ˁʰʽ нˇ ˍ˃ʺ˃ʰ ˍʹˌ S. 

ɯˊʰΣ ˍʰ˅ʽ˄ˇ˃ʶʾ ˋ˖ˋˍʱ ˇ˂ˈˁ˂ʹˊʹ ˍʹ˄ ʰˁˇ˂ˇˎʻʾʰ S.  QED 

1o ̱ ˃ʺ˃ʰ                           2o ̱ ˃ʺ˃ʰ 

    < x      x      ² x 

ʁˊʻˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



ʅˍʹ ʵʽʰʵʽˁʰˋʾʰ split ˍˇ ˋˍˇʽ˔ʶʾˇ pivot 

ˋˎʴˁˊʾ˄ʶˍʰʽ ˃ʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ    
ʰˁˇ˂ˇˎʻʾʰˌ S.  
 

ɳˉˇ˃ʷ˄˖ˌΣ ʶʱ˄ n ʁ ʾ˄ʰʽ ˍˇ ˃ʺˁˇˌ ˍʹˌ 
ʰˁˇ˂ˇˎʻʾʰˌ ʶʽˋˈʵˇˎ ˋʶ ˁʱˉˇʽʰ ʶˉʰ˄ʱ˂ʹ˕ʹ                    
ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ split, ̱ ˈˍʶ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ 
ʰˎˍʺ ʶˁˍʶ˂ˇˏ˄ˍʰʽ n-1 ̀ ˎʴˁˊʾˋʶʽˌ όɰʃύΦ  

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

Ç ʋʶʽˊʾˋˍʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɰʰˋʽˁʺ ʃˊʱ˅ʹΥ   S[ i ]  < pivot  

W(n) = O(n2) 

    < x      x      ² x 

1                                                                  n 

 

   splitpt  Ŷ first 

       for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpt  Ŷ splitpt  + 1  

              Swap(S[ splitpt ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpt ])  

     

5 1 4 6 8 2 S 

n = 6   
ʃ˂ʺʻˇˌ ˋˎʴˁˊʾˋʶ˖˄ Ґ р  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

split 



2 3 4 5 6 8 S 

2 3 4 5 6 8 

3 4 5 6 8 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

(2) Quick - Sort(S,  first,  splitpt - 1)  

(3) Ouick - Sort(S,  splitpt+1,  last)  

1  2  3                          n    

x n- 1 

pivot 

ʋʶʽˊʾˋˍʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

Quick - Sort(S, 1, 0)  

Quick - Sort(S, 2 , n )  

ɳʱ˄ ˍˇ pivot = S[first] ʶʾ˄ʰʽ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌ ˋʶ ˁʱˉˇʽʰ 
ʶˉʰ˄ʱ˂ʹ˕ʹΣ ˍˈˍʶ ˃ʶˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ split ̒ ʰ ʽˋ˔ˏʶʽ splitpoint = first. 

ɳˉˇ˃ʷ˄˖ˌ, ʹ ̄́ ˗ˍʹ ʰ˄ʰʵˊˇ˃ʽˁʺ ˁ˂ʺˋʹ ˍˇˎ vǳʾŎƪ-Sort ʵʶ˄ ʻʰ ʶˁˍʶ˂ʶˋˍʶʾ,                   
ʶ˄˗ ʹ ʵʶˏˍʶˊʹ ˁ˂ʺˋʹ ʻʰ ʶˁˍʶ˂ʶˋˍʶʾ ˃ʶ ʰˁˇ˂ˇˎʻʾʰ ˃ʺˁˇˎˌ  n-1, n-2, é, 2. 

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



8 6 5 4 3 2 S 

8 6 5 4 3 2 

6 5 4 3 2 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ʋʶʽˊʾˋˍʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

(2) Quick - Sort(S,  first,  splitpt - 1)  

(3) Ouick - Sort(S,  splitpt+1,  last)  

ɳʱ˄ ˍˇ pivot = S[firstϐ ʶʾ˄ʰʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌ ˋʶ ˁʱˉˇʽʰ 
ʶˉʰ˄ʱ˂ʹ˕ʹΣ ˍˈˍʶ ˃ʶˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ split ̒ ʰ ʽˋ˔ˏʶʽ splitpoint = last. 

ɳ̄ ˇ˃ʷ˄˖ˌ, ʹ ɻʁ ˏˍʶˊʹ ʰ˄ʰʵˊˇ˃ʽˁʺ ˁ˂ʺˋʹ ˍˇˎ vǳʾŎƪ-Sort ɻ ʶ˄ ʻʰ ʶˁˍʶ˂ʶˋˍʶʾ,                   
ʶ˄˗ ʹ ˉˊ˗ˍʹ ˁ˂ʺˋʹ ʻʰ ʶˁˍʶ˂ʶˋˍʶʾ ˃ʶ ʰˁˇ˂ˇˎʻʾʰ ˃ʺˁˇˎˌ  n-1, n-2, é, 2. 

Quick - Sort(S, 1, n- 1)  

Quick - Sort(S, n+1, n)  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

1  2  3                          n    

x n- 1 

pivot 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ʋʶʽˊʾˋˍʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɳˉʽ˂ˏˇˎ˃ʶ ˍʹ˄ ʰ˄ʰʵˊˇ˃ʽˁʺ ˋ˔ʷˋʹΥ  

ɹˋ˔ˏʶʽ Υ  

ɯˊʰΣ ˋˍʹ˄ ˔ʶʽˊʾˋˍʹ ˉʶˊʾˉˍ˖ˋʺ ʴʽʰ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 
ʽˋ˔ˏʶʽ:  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



ɴˋˍ˖ n ̱ ˇ ˃ʺˁˇˌ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌ ʶʽˋˈʵˇˎ ˋʶ 
ˁʱˉˇʽʰ ʶˁˍʷ˂ʶˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ split.  
 

ʆˈˍʶ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʶˁˍʶ˂ˇˏ˄ˍʰʽ n-1   
ˋˎʴˁˊʾˋʶʽˌ όʲʰˋʽˁʷˌ ˉˊʱ˅ʶʽˌύΦ  

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

Ç ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɰʰˋʽˁʺ ʃˊʱ˅ʹΥ   S[ i ]  < pivot  

A(n) = O(n lˇƎn)  

    < x      x      ² x 5 1 4 6 8 2 S 

n = 6   
ʃ˂ʺʻˇˌ ˋˎʴˁˊʾˋʶ˖˄ Ґ р  

1                              i                                   n 

 

   splitpoint  Ŷ first 

       for  i  Ŷ first+1 to  last do  

          if  S[ i ] < pivot then  

              splitpoint  Ŷ splitpoint  + 1  

              Swap(S[ splitpoint ], S[ i ])  

          end ;  

       end ;  

       Swap (S[first], S[ splitpoint ])  

     

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

Split 



(0)  

(1)  

(2)  

.  

.  

(n - 2)  

(n - 1)  

(n - 1)  

(n - 2)  

(n - 3)  

.  

.  

(1)  

(0)  

1 

2 

3 

.  

.  

n- 1 

n 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɸʶ˖ˊˇˏ˃ʶ ˍʹ ʴʶ˄ʽˁʺ ˉʶˊʾˉˍ˖ˋʹ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˃ʶˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰ split ˃ ʶ 
˃ʺˁˇˌ ʰˁˇ˂ˇˎʻʾʰˌ nΣ ˍˇ ˋˍˇʽ˔ʶʾˇ pivot ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ i-ˋˍʹ ̒ ʷˋʹΦ  

ɯˊʰΣ i-1 ̀ ˍˇʽ˔ʶʾʰ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʰ ˍˇˎ pivot ˁʰʽ ˒ˎˋʽˁʱ n-i ˃ ʶʴʰ˂ˏˍʶˊʰ ʰˉˈ ʰˎˍˈΦ  

i - 1  n - i 

1                               i                                  n 

ɲʶ˔ˈ˃ʰˋˍʶ ˈˍʽ ˍˇ ˋˍˇʽ˔ʶʾˇ pivot ̫ ˔ʶʽ ˍʹ˄ ʾʵʽʰ ˉʽʻʰ˄ˈˍʹˍʰ 1/n ˄ʰ ˁʰˍʰ˂ʱʲʶʽ ˇˉˇʽʰʵʺˉˇˍʶ 
ʻʷˋʹ ˃ʶˍʰ˅ˏ 1 ˁ ʰʽ n:  
 
ˍˇ pivot ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ʻʷˋʹ i ˃ ʶ ˉʽʻʰ˄ˈˍʹˍʰ 1/n.  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

ɾʺˁˇˌ                              ɾʺˁˇˌ 
1o  ˎˍ˃ʺ˃ʰˍˇˌ                      2o  ˎˍ˃ʺ˃ʰˍˇˌ 

ɸʷˋʹ                 

pivot 

    < x      x      ² x 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ʁˊʾʸˇˎ˃ʶΥ  

 ɮόn)  =    ˃ʷˋˇˌ ˈˊˇˌ ˋˎʴˁˊʾˋʶ˖˄ ˋʶ ʰˁˇ˂ˇˎʻʾʰ ˃ʺˁˇˎˌ n. 

ɴˍˋʽΣ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍʹ˄ ʰ˄ʰʵˊˇ˃ʽˁʺ ˋ˔ʷˋʹΥ  

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

    < x      x      ² x  

i - 1  n - i 

1                                i                                   n 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾˉˇˊˇˏ˃ʶ ʶˏˁˇ˂ʰ ˄ʰ ʰˉ˂ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ˄ ʰ˄ʰʵˊˇ˃ʽˁʺ ˋ˔ʷˋʹ  
 
 
 
 
 

ˉʰˊʰˍʹˊ˗˄ˍʰˌ ˈˍʽΥ 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

(0)  

(1)  

(2)  

.  

.  

(n - 2)  

(n - 1)  

(n - 1)  

(n - 2)  

(n - 3)  

.  

.  

(1)  

(0)  

1 

2 

3 

.  

.  

n- 1 

n 

ɾʺˁˇˌ                              ɾʺˁˇˌ 
1o  ˎˍ˃ʺ˃ʰˍˇˌ                      2o  ˎˍ˃ʺ˃ʰˍˇˌ 

ɸʷˋʹ                 

pivot 

ɾʽʰ ˎˉˇʰˁˇ˂ˇˎʻʾʰ ˃ʶ ˃ʺˁˇˌ i-1 (1 ¢ i ¢ nύ ʶ˃˒ʰ˄ʾʸʶˍʰʽ            

2 ˒ ˇˊʷˌΥ ˈˍʰ˄ ˍˇ pivot ˁ ʰˍʰ˂ʱʲʶʽ ˍʹ˄ i ˁ ʰʽ n-i-1 ʻʷˋʹ ΗΗΗ 

x 

i - 1  

1                               i                                    n 

i - 1  

x 

i                     n-i-1  



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾˉˇˊˇˏ˃ʶ ʶˏˁˇ˂ʰ ˄ʰ ʰˉ˂ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ˄ ʰ˄ʰʵˊˇ˃ʽˁʺ ˋ˔ʷˋʹ  
 
 
 
 
 

ˁʰʽ ˄ʰ ˉʱˊˇˎ˃ʶΥ 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɮˎˍʺ ʶʾ˄ʰʽ ˃ʽʰ ˉʽˇ ˉʶˊʾˉ˂ˇˁʹ ʰ˄ʰʵˊˇ˃ʽˁʺ ˋ˔ʷˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍʷˌ ˉˇˎ ʷ˔ˇˎ˃ʶ ʵʶʽ 
˃ʷ˔ˊʽ ˍ˗ˊʰΣ ʵʽˈˍʽ ʹ ˍʽ˃ʺ A(n) ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˈ˂ʶˌ ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˍʽ˃ʷˌ !!!  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɾˉˇˊˇˏ˃ʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˁʱˉˇʽˇ ʶˎ˒ˎʺ ˍˊˈˉˇ ʴʽʰ ˍʹ ˂ˏˋʹ ˍʹˌ ʺ ˄ʰ ʶʽˁʱˋˇˎ˃ʶ        

ˍʹ ˂ˏˋʹ ˍʹˌ ˁʰʽ ˄ʰ ˍʹ˄ ʰˉˇʵʶʾ˅ˇˎ˃ʶ ˃ʶ ʶˉʰʴ˖ʴʺ Η 

ɶ ˍʶ˔˄ʽˁʺ ˍʹˌ ʶʽˁʰˋʾʰˌ ʶʾ˄ʰʽ ˃ʽʰ ˁʰ˂ʺ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ʰ˄ʰʵˊˇ˃ʽˁˇˏˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ Η 

ɸʰ ʰˁˇ˂ˇˎʻʺˋˇˎ˃ʶ ʰˎˍˈ ˍʹ˄ ˉˊˇˋʷʴʴʽˋʹΧ                                                                             
ʻʰ ʁ̔ ˁʱˋˇˎ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ A(n) ˁʰʽ ʻʰ ˍʹ˄ ʰˉˇʵʶʾ˅ˇˎ˃ʶ ˃ʶ ʶˉʰʴ˖ʴʺΧ 

ɱʽʰ ˄ʰ ˋ˔ʹ˃ʰˍʾˋˇˎ˃ʶ ˃ʽʰ ʶʽˁʰˋʾʰ ʴʽʰ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ A(n)Σ ʶ˅ʶˍʱʸˇˎ˃ʶ ʰˊ˔ʽˁʱ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ      

ˉˇˎ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ Quick-sort ʁ ˊʴʱʸʶˍʰʽ ʽʵʰ˄ʽˁʱΗΗΗΦΦΦ ɹˋˇ˃ʶˊʺˌ ɮ˄ʱ˂ˎˋʹ 

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



2 9 4 5 8 6 S 

1 2 4 6 8 5 

1 2 4 6 8 5 

1 

9 

9 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɹˋˇ˃ʶˊʺˌ ɮ˄ʱ˂ˎˋʹ 

    < x      x      ² x 

 è n/2 ø 

1                               i                                    n 

ɸʰ ʻʶ˖ˊʺˋˇˎ˃ʶ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ʵˏˇ 
ˎˉˇʰˁˇ˂ˇˎʻʽ˗˄ ˄ʰ ʶʾ˄ʰʽ n/2, ̝ ˖ˊʾˌ                    
˄ʰ ˎˉʱˊ˔ʶʽ ʰ˄ʹˋˎ˔ʾʰ ʴʽʰ ˍˇ ʶʱ˄ ˍˇ n/2 ʁ ʾ˄ʰʽ 
ʰˁʷˊʰʽˇˌ ΗΗΗ 

ɸʶ˖ˊˇˏ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˋʶ ˁʱʻʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ split 

ˍʰ ˃ʽˋʱ ˋˍˇʽ˔ʶʾʰ ό~n /  2ύ ˍʹˌ S ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʰ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎ pivot.  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

 ê n/2 ú 



ɯˊʰΣ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ʰ˄ʰʵˊˇ˃ʽˁʺ ˋ˔ʷˋʹ: 

ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɹˋ˔ˏʶʽ Υ  

ɹˋˇ˃ʶˊʺˌ ɮ˄ʱ˂ˎˋʹ 

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

ɸʶ˖ˊˇˏ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˋʶ ˁʱʻʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ split 

ˍʰ ˃ʽˋʱ ˋˍˇʽ˔ʶʾʰ όn /  2ύ ˍʹˌ S ʁ ʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʰ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎ pivot.  



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɮˉˇʵʶʽˁ˄ˏˇˎ˃ʶ Υ  ɿɮɹΧ ʰˎˍˈ ʽˋ˔ˏʶʽ ΗΗΗ  

ʅˎ˃ˉʷˊʰˋ˃ʰ 

ɳˊ˗ˍʹ˃ʰΗΗΗ...  ʶʱ˄ ˈ˂ʶˌ ˇʽ ˃ʶˍʰʻʷˋʶʽˌ ʷ˔ˇˎ˄ ˍʹ˄ ʾʵʽʰ ˉʽʻʰ˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌΣ ˍˈˍʶ ˃ʺˉ˖ˌ 
ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʷˌ ζˁʰ˂ʷˌη ˃ʶˍʰʻʷˋʶʽˌ όʰˁˇ˂ˇˎʻʾʶˌ ʶʽˋˈʵˇˎύ ˉˇˎ ʶˉʹˊʶʱˋˇˎ˄ ʻʶˍʽˁʱ ˍʹ 
˃ʷˋʹ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ A(n) ̱ ˇˎ Quick-Sort ̠ ˋˍʶ A(n) = ɸόn logn); 

ɳʱ˄ ˋʶ ˁʱʻʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ʹ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ E[first] ˍˇˎ pivot ʶʾ˄ʰʽ ˁˇ˄ˍʱ ˋˍʹ 
ʵʽʱ˃ʶˋˇ (̔ ˋˇ˃ʶˊʺˌ ʰ˄ʱ˂ˎˋʹ) ̱ ˈˍʶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˋˎʴˁˊʾˋʶ˖˄ όɰʰˋʽˁ˗˄ ʃˊʱ˅ʶ˖˄ύ 
ʶʾ˄ʰʽ ɸόn logn), ̀ ʹ˃ʰ˄ˍʽˁʱ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ ɸόn2) !!! 

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

ɯˊʰΣ ʽˋ˔ˏʶʽ :   ɸόn logn)     Җ    ɮόn)    Җ   ɸόn2)  



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ʃˊˈˍʰˋʹΦ  A(n) = c n ln n ɹ ʽʰ n ² 1, ̍ ˉˇˎ c ̀ ˍʰʻʶˊʱ. 

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 

ɮˉˈʵʶʽ˅ʹΥ  

ɾʶ ʶˉʰʴ˖ʴʺ ˋˍˇ ˉ˂ʺʻˇˌ n ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʶʽˋˈʵˇˎ.  

ɰʱˋʹ ʶˉʰʴ˖ʴʺˌ:  ɱʽʰ n = 1, A(1) = 0 ˁ ʰʽ c n ln n = 0. 

ɳˉʰʴ˖ʴʽˁʺ ˎˉˈʻʶˋʹ:  ɴˋˍ˖ ˈˍʽ ʽˋ˔ˏʶʽ A(i) ¢ c i ln i ʴʽʰ 1 ¢ i < nΣ ˈˉˇˎ n >  1.  

ɳˉʰʴ˖ʴʽˁˈ ʲʺ˃ʰ :  A(n) ¢ c n ln nΣ ˈˉˇˎ n >  1.  



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɮˉˈ ʶˉʰʴ˖ʴʽˁʺ ˎˉˈʻʶˋʹΥ 

ɹˋ˔ˏʶʽΥ  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɯˊʰΣ ʷ˔ˇˎ˃ʶΥ 

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



ὅῸῬ₮ ῶῳῺ´  Quick-Sort 

ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 

ɯˊʰΣ ʴʽʰ               ʽˋ˔ˏʶʽ Υ 

QED 

ɳˉʶʽʵʺΣ   

ɹˋ˔ˏʶʽ Υ  

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ɮ˂ʴˈˊʽʻ˃ˇˎ Quick-Sort 



ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ɮ˂ʴˈˊʽʻ˃ˇˌ ʆʰ˅ʽ˄ˈ˃ʹˋʹˌ Merge-Sort 

V ʆʶ˔˄ʽˁʺ ɲʽʰʾˊʶʽ-ˁʰʽ-ɰʰˋʾ˂ʶˎʶ 

V ɳˏˁˇ˂ʹ ʵʽʰʾˊʶˋʹ ð ɲˏˋˁˇ˂ʹ ˋˎ ˄ʷ˄˖ˋʹ 

V ʇˉˇ-ˉˊˇʲ˂ʺ˃ʰˍʰ ɺʵʽˇˎ ˃ ʺˁˇˎˌ 

V ʋʶʽˊʾˋˍʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ O(nlogn) 

V ɾʷˋʹ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ O(nlogn) 

 



ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ɮ˂ʴˈˊʽʻ˃ˇˌ Merge-Sort 

ɹʵʷʰ ɮ˂ʴˈˊʽʻ˃ˇˎ ΗΗΗΦΦΦ ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˃ʶ ʅˎʴ˔˗˄ʶˎˋʹ 



   

Á ҟʽʰʾˊʶˋʹ ʰˁˇ˂ˇˎʻʾʰˌ ʶʽˋˈʵˇˎ ˃ʺˁˇˎˌ n ̀ ʶ ʵˏˇ ˎˉˇʰˁˇ˂ˇˎʻʾʶˌ ˃ʺˁˇˎˌ n/2 .  

Á ʆʰ˅ʽ˄ˈ˃ʹˋʹ ̱ ˖˄ ʵˏˇ ˎˉˇʰˁˇ˂ˇˎʻʽ˗˄ ό˃ʽˋˇˏ ˃ʶʴʷʻˇˎˌύ ʰ˄ʰʵˊˇ˃ʽˁʱΦ  

Á ʅˎʴ˔˗˄ʶˎˋʹ ˍ˖˄ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ˎˉˇʰˁˇ˂ˇˎʻʽ˗˄ ˋ ʁ˃ʾʰ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹ ʰˁˇ˂ˇˎʻʾʰΦ  

ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ɮ˂ʴˈˊʽʻ˃ˇˌ Merge-Sort 

ɹʵʷʰ ɮ˂ʴˈˊʽʻ˃ˇˎ ΗΗΗ 

łȃŲɻȉŴŵŴ 

ǴŲȇȃȆȑŀȁŵŴ 

ǳȋǿȌȓȆŴȋŵŴ 

1 

2 

3 

( divide )  

(conquer)  

(combine)  



ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ɮ˂ʴˈˊʽʻ˃ˇˌ Merge-Sort 

     

Á ҟʽʰʾˊʶˋʹ ʰˁˇ˂ˇˎʻʾʰˌ ʶʽˋˈʵˇˎ ˃ʺˁˇˎˌ n ̀ ʶ ʵˏˇ ˎˉˇʰˁˇ˂ˇˎʻʾʶˌ ˃ʺˁˇˎˌ n/2 .  

Á ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ʵˏˇ ˎˉˇʰˁˇ˂ˇˎʻʽ˗˄ ό˃ʽˋˇˏ ˃ʶʴʷʻˇˎˌύ ʰ˄ʰʵˊˇ˃ʽˁʱΦ  

Á ʅˎʴ˔˗˄ʶˎˋʹ ˍ˖˄ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ˎˉˇʰˁˇ˂ˇˎʻʽ˗˄ ˋ ʁ˃ʾʰ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹ ʰˁˇ˂ˇˎʻʾʰΦ  

ɹʵʷʰ ɮ˂ʴˈˊʽʻ˃ˇˎ ΗΗΗ 

łȃŲɻȉŴŵŴ 

ǴŲȇȃȆȑŀȁŵŴ 

ǳȋǿȌȓȆŴȋŵŴ 

1 

2 

3 

( divide )  

(conquer)  

(combine)  



Algorithm Merge - Sort(A,  left,  right)  

begin  

 if (left ² right) return  

 mid = (left + right)  /  2 

 Merge - Sort(A, left, mid)  

 Merge - Sort(A, mid+1, right)  

 Merge(A, left, mid, right)  

end  

ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ɮ˂ʴˈˊʽʻ˃ˇˌ Merge-Sort 

    

Á ҟʽʰʾˊʶˋʹ ʰˁˇ˂ˇˎʻʾʰˌ ʶʽˋˈʵˇˎ ˃ʺˁˇˎˌ n ̀ ʶ ʵˏˇ ˎˉˇʰˁˇ˂ˇˎʻʾʶˌ ˃ʺˁˇˎˌ n/2 .  

Á ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˍ̟ ˄ ʵˏˇ ˎˉˇʰˁˇ˂ˇˎʻʽ˗˄ ό˃ʽˋˇˏ ˃ʶʴʷʻˇˎˌύ ʰ˄ʰʵˊˇ˃ʽˁʱΦ  

Á ʅˎʴ˔˗˄ʶˎˋʹ ˍ˖˄ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ˎˉˇʰˁˇ˂ˇˎʻʽ˗˄ ˋ ʁ˃ʾʰ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹ ʰˁˇ˂ˇˎʻʾʰΦ  

ɮ˂ʴˈˊʽʻ˃ˇˌ 



ʅˎʴ˔˗˄ʶˎˋʹ όMerge)  

ʅˎʴ˔˗˄ʶˎˋʹ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ʰˁˇ˂ˇˎʻʽ˗˄ 

i  Ŷ j Ŷ 1 

while (A  ̧ Å  Ø B  ̧ Å)  

 if  ( a i  Ò b j) ˊɟɞůɎɟŰɖůɖ Űɞɡ a i  ůŰɖ C əŬɘ i  Ŷ i+1  

 else { a i  > b j } ˊɟɞůɎɟŰɖůɖ Űɞɡ b j  ůŰɖ C əŬɘ j Ŷ j+1  

end  

ˊɟɞůɎɟŰɖůɖ Űɤɜ ɡˊɧɚɞɘˊɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ɛɖ- ɎŭŮɘŬɠ                 

ŬəɞɚɞɡɗɑŬɠ A ɐ B ůŰɖ C 

  A = a1, a2, ΧΣ an       B = b1, b2Σ ΧΣ bn  

ˋʶ ˃ʾʰ ˃ˈ˄ˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹ ʰˁˇ˂ˇˎʻʾʰ C (̄ ʾ˄ʰˁʰ ʺ ˂ʾˋˍʰύ !!!  

Algorithm Merge()  

ὅῸῬ₮ ῶῳῺ´  Merge-Sort 



2 6 7 15 20 32 75 88 4 11 12 15 29 43 50 91 

ʅˎʴ˔˗˄ʶˎˋʹ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ʰˁˇ˂ˇˎʻʽ˗˄ 

A B 

ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ʃʰˊʱʵʶʽʴ˃ʰ 
ʅˎʴ˔˗˄ʶˎˋʹ όMerge)  



2 6 7 15 20 32 75 88 4 11 12 15 29 43 50 91 

i j 

ʅˎʴ˔˗˄ʶˎˋʹ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ʰˁˇ˂ˇˎʻʽ˗˄ 

A B 

ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ʃʰˊʱʵʶʽʴ˃ʰ 
ʅˎʴ˔˗˄ʶˎˋʹ όMerge)  



6 7 15 20 32 75 88 4 11 12 15 29 43 50 91 

2 

2 

i j 

ʅˎʴ˔˗˄ʶˎˋʹ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ʰˁˇ˂ˇˎʻʽ˗˄ 

A B 

C 

ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ʃʰˊʱʵʶʽʴ˃ʰ 
ʅˎʴ˔˗˄ʶˎˋʹ όMerge)  



6 7 15 20 32 75 88 4 11 12 15 29 43 50 91 

2 4 

2 

i j 

ʅˎʴ˔˗˄ʶˎˋʹ ʵˏˇ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄˖˄ ʰˁˇ˂ˇˎʻʽ˗˄ 

A B 

C 

ὅῸῬ₮ ῶῳῺ´  Merge-Sort 

ʃʰˊʱʵʶʽʴ˃ʰ 
ʅˎʴ˔˗˄ʶˎˋʹ όMerge)  




